6earcnmg rHv 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2001-156074 
(43)Date of publication of application : 08.06.2001 



(51)Int.CI. 




H01L 21/322 

uoUd Zs/UD 

C30B 33/02 
H01L 21/208 




(21 Application number : 


11-335328 


(71)Applicant 


: MITSUBISHI MATERIALS SILICON 






CORP 


(22)Date of filing : 


26.11.1999 


(72)Inventor : 


MUROI YUKIO 






KOYA HIROSHI 



r^<lvJ * 



(54) METHOD FOR HEAT TREATING SILICON WAFER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a wafer which is 
free from an aggregate of point defects, develops an 
oxygen deposit nucleus, and exhibits an IG effect with a 
heat treatment in a device manufacturing step. 
SOLUTION: It is assumed that a region adjacent to a 
region I having inter- lattice silicon type point defects 
predominantly contained therein, belongs to a perfect 
region P having no aggregate of point defects therein, j 
and has an inter-lattice silicon concentration less than a ; 
lowest level capable of forming an interstitical 
dislocation, is denoted by PL It is also assumed that a 
region which is adjacent to a region V having air void 
type point defects dominantly present therein, belongs to 
the region P, and has an air void concentration not larger 
than a level capable of forming COP or FPD, is denoted 
by PV. Then a wafer including a mixed region of the 
regions PV and PI and having an oxygen concentration of 
0.8 x 1 01 8 to 1 .4 x 1 01 8 atoms/cm3 (old ASTM) is held 
in an atmosphere of a nitrogen, argon, hydrogen or 
oxygen gas or a mixture gas thereof at a temperature of 600-850° 
temperature of 600-850° C for 1 20-250 minutes. 




C for 30-90 minutes or at a 
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(54) [3EW©£#] v-U3>>^cii-A©3feJS3S^jt 



(57) [g^3 

m&^m team's v 3 ^^ki^es^c 

ws-7x* hWg [P] »cJSLgASiK(4^fiKL« 

sgiE^te^^yn^itfi*^^* [Pi] t 

L^-OtfffBM« [P] CILCOPXIiFPD»sSL 
»§^?LiSaWT©ffl^ [Pv] i:-T?»i:#, [Pv] 
£ [Pi] <Dit-&ffiigfr 5> & 0 froSEigiia 0 . 8 x 
10 18 ~1. 4 x 1 0 18 a t oms/cm 3 (IBA S T 
M) T-feS^x-zN^rS^, 7/l>3>^ 7k^> K^Xt* 
cne»©^^X5?H^T, 6 0O~8 5 0tt3O~ 
9 0^«lf-r5*\ XB6 0 0~8 5 OtT* 1 2 0~ 
2 5 0#«£rrSo 




(V/G), v/G (V/G) a (V/G) 3 



(2) 



<&ffl2 0 0 1 -1 5 6 0 7.4 



[t#frfii#OSEB] 

U ^?LS^RI*^E«^^SE-rS^«r [V] £ 

o^^^b^w^-^x^ [p] t-rs 
fitie^-7x^ [p] fressi'vd'v 

MiBfS^I [I] K^&Lfr-Pfuie^-^x* r-^£ 

[P] icSLftA^fit^^L^SafgOlS^P^^'J 
n>iig*jS©fSJg«r [Pi] £U SufBEWS [V] lc 
BSJ^LfrOBflfEM-^x* hffiig [P] tcJULCOPX 
&F PD£Jgj£U#S£ft&fiWT©SWc«r [Pv] £ 
■?%>£%, 

mute® [Pv] tmm [pi] oa&mfr&ttofto 

BggiRfi^O. 8X 1 0 18 ~1 . 4 X 1 0'» a t oms 
/cm 3 (IBA STM) T-fcSv"; 3 V^JSS-l' >dl»J 
r-£3l±tf, 2° 

Wfs-Yi/o*'? hfr£^ffisnf">y 3>^: t -,'v£^ 

T> 6 0 0~8 5 0XT3 0~9 Oft?£Gmir%>-h\ X 
£600-85 Ottl 2 0—2 5 O^JttXCi:* 

[ss^ji 2 ] mmMtMt^m.mmmmc «t o -> y 3 > 

*j x— /N<Dgffilc# U 5/ U 3 VB^^fiE-r 5 c £ ic «fc 0 
[0 0 0 1] 30 
L v-> y 3 y*> x — / 4 > h U ^i/ -y * 

y«y*y>** («t, 1 g) mm^^tc^-tm^mysm 
> *> x — > Ntoi^sas^ii t ib-t 5 o t-$. s o 

[0 0 0 2] 

HI (Oxidation Induced Stacking Fault, t(T, O S F 

tv5o ) (D&tKzmmmtiiVBCom'bxwi^ ssk 

jsLfgLtzJ't—T- 4 2 (Crystal Originated Particl 
e, WT, COPt^, ) ■*>, SgWigAiMEtit (Int 
erstitial-type Large Dislocation, .WT, LDtV 1 

§«t^3£^gHfcxg^T*gi&{tU fffflL/s-r/W 

«, ^ffiW^©i / y3>'i7x->'^T>^7'i:il^ so 



SSSHlceHLfctf-y M'feSo C©^x— r" 
x-i *;b£i:Uc7ftm*lfefcUTfctii£nSo <r*oc 

(Time Dependent dielectric Breakdown, TDD 
B) , &{tMBffi1$1x (Time Zero Dielectric Breakdo 

vm, tzdb) mttgitz-ezwimtKZe st-ccop 

x-^*B5ic#ft-r S £?> VT XtDSMSSXgtC:^ 
m.l Hi C (DXMZZl U fc i/ 'J 3 > * x — / s«r 7 >y 

[0003] «±©ct^e., ¥»(*ftaiH}K^ifr 
zrcif>icm^t>n%>~>v 3>«>x— ^N*->e.o s f, co 

P&i;LD*M'>$-l±5CtA<ie.Si:*:oTV«So C<D 
OSF, C0PRr/LD^WL*V^^:R6(O^y3>"i7 
x-^^P^V 1 1 - 1 3 9 3^^^BB^?nrv^ 
So cOM^RBOv'y 3>">x— /Nti, ->i;a>W B 
-Y > dr b T*£D^7LM^^HlO«*i*St;*S?ra ~> «J 

3 >^>:Bicoi§*i**^n^n#ft x ^ 

Ymwz [p] i:-rsf:#> 7x^>^ [p] *-> 
e.«:5-«'>3*-y h*->e.«jta^nfc>y 3>>>x— /N-pfe 
So ^-7i^n« [p] a, ts^^ysvgi^ 

RBA^ISWtc^-TS^ [I] •>U3>#^-1' 
[V] h<r>T£ttzft&tz> a c<o^— 7x^>SHS [P] 
«rV (mm/^) £ U ->V =i>mmt'C>=[y h £<D 

(x/mm) i:-rsi:^, ^{kJaa^Lfeistcy >^ 

«ic^-r S OSF Jb^ x— /Ntp^gBT^iS-r 3 <fc -5 
(C, V/G (mm ! /»-1C) trjfii^i6Tfte > nSo 

A— 04"tcti, OSF, CO 
P&tfLDSr^L&tvtlc, f/W^IIt'4US61 

fe-DTV^v^x--'N-e{i, ^^XXS^JSt^D 
[0004] 

[?£flitfiS?i*L<i:5 fTS^S] ±§5^-7x 

i'hfi^ [p] ^a^s-r^or-y h^p>«m$tife->y 

3>>i7x-^{i, OSF, COPRt/LD^LJ&l/''^ 
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& [Pv] tmm. [Pi] <os-&ffi^e>*s^««* v 

0. 8X1 0 I8 ~1. 4X10 18 atoms/cm 
3 (IHASTM) <D-r>:Jy hfrt>W&-$t\rci'V=i> 
^i-AT-^oTt. j£ARB«8*{*<0#fcL&^ei: 

gco^jastc^-DT i G&m*fi}f-f S^y ^•yx- 
ZNOSSfflll^&fcffi^-fSCtK&So *&W<Dffl<OE 

■o x— >^v>?&® ! mfi&*&&& % z £ e&&o 

[0 0 0 5] 

[H^£ft?ft-r£fci64>#!8] 1 E&3f£B.mi, 

RIA^EWt^ffi^SfUt^r [ 1 ] £ U £?L3Witf:RB 
#£EWE#ft-rs««£ [V] fcU ^PbI^'J^^ 
IMXRB<Diglil{*& ^?LSj^^RS<0M*i**^« L 
w^-7x^>^«r [P] fc-TSi:^ /<-7x*r- 
m& [P] ft»6ft*-/y=Tvb3!»»6«ItB«nfcjjSl>Cieo 

So JJEWtt [1] (c^LA^o 

_t«g^-:7x* [p] KfllbaXSteffi***^ 

tfSgf£©t§?S->U3>«S*rS«>ffl^ ; Sr [Pi] t 
U ±I2«« [V] EBftUroiE/t-^x^hlHi* 

[P] CSLCOPXtiF PD*J&*Lf§*a3L«*« 
TOSSES: [Pv] £•?%>£%. ±fBfR«E.[Pv] 

[Pi] ©jg-S-fUgfr £ & 9 fro&MlMStf 0 . 8xi 
0 is ~ i . 4 x 1 0 18 a t o m s / c m 3 (IB A S T 
M) ffeS^'^yf^^J'V i-*?l±^ CO-f 

:J>> SlXttcn^Cii^^fflaT, 6 0 
0~8 5 0X;-!?3 0~9 0^Mt^\ X«6 0 0 
~850tt?l 20-2 5 0ttm$-?2>Ctlc3o2> o 
[0 0 0 6] 1 icmZftWTHi. -f>zi-y hOl 

^ilS^O. 8X10 18 ~1. 4 x l 0 18 a t om s/ 
cm 3 (IBASTM) TSSi^ffeoT, i"^>"> 
x-/\flHK« [Pv] [Pi] 

&tfa»A£n&</MI« [Pi] ct«BR«ra««*aa 

« [Pv] Tfi^cDS^flTai^mft^iiSSSo U-o 
T, ±K^Si«:ffofe'>x->'^^S»i*v ? ''WX^ — 

®.1ff&WSi\toWi (Bulk Micro Defect, fclT, BMDD 
i:v^•5o ) EiSfiU 1WK [Pv] tum [Pi] 

sna^sas^x— /nt?&-3T*>, x— >v£65e*>7£ 
r>x i g J: sea*. 

[0 0 0 7] 



z a e * * h vtf 5 rt<o y =• ^msjSa^ £ -y > =r 

■y h^O^a? (Voronkov) ©SsSES-^VfcRftS© 
5l±i«tft^a7r^;l/-C3l±»ffc«» C©-f r- 
fcX^-fXLTftfiSnSo — &WE, CZj£E«fct>* 
•y hy— >JPrt<D>"J n>l8l}(tft»&S/'J n^mseso'j' 
>:J-y h*3l±»7*fci:#EH:, S'U rii'WHhftfcfctt* 

^RlfcLT, J&y^Rl (point defect) fcj&XP6<9!g*<* 
(agglomerates : H&7C*Rb) tffgSrTSo &Xmt& 
fL^^Rl £ WFHS' U 3 >m^m £ v 5 -OO— fiS 

[0 0 0 8] &Xmt— »WK^U=i>il»« (SHli'U 

j^^nSo LfrU -r>=r>y b*8l*^)E3l-hi:f3ci: 
«t o TjgfteffiT'& o fcgi5»«5 1 ±lf £ £ fc ft® L«6 

(vacancy agglomerates) Xtife? H~>'J 
R6CDM*(* (interstitial agglomerates) *^^t^tl 

LfcC O PfOftfilC, L S T D (Laser ScatteringTomogr 
aph Defects) Xt* F P D (Flow Pattern Defects) £ 

(±HS5ELfcL DfcBflfn5^Ra«r#tyo FPDfcfi, -1* 
so >rf-y h^rX5'('XLT^Si?nfc->U3>'i7x->'N«r 
3 0Mt3X»;fy^ (Secco etching, HF : Kz C 
r 2 O7(0.15mol/l)=2 : 1 OS-&JStC 

y) Lrc£^icm.tL^m^yo—^—>^M-r^m 

^^MSt Lfcfc^lcv'U 3>ktiSS SSSr?** LSSc 

[0 0 0 9] #a>rJ7©SM{4x W&V)®.i*'Pte^& 

If^S^rV (mm/^-) , ^yJ'yhti"J3yafg© 
40 Rmi8.&l<0'f>3v htp^ffift^lK^G OC/mm) fc; 
fSift, V/G (mmV»-'C) Zffl®?ZC£ 

Rlfflg^ls)— ©fcTttEtoT, V/G£&?KVm&£ 

&(Dm&tfV / G IC * o nS C i; *SiB^ LTt> 

y^RaiiSA^ffi^'f ^^T-y hW?n56ffi> V/G 
it^BgW^tiTT-(i^P^-> 'J ^ >S^RIiSS^fi m 
so &-r>:J-y F^M^flS. 0 1 «c*3V>T, [ I ] {£f£ 
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>*gj£teKtf#CT«1IWl ((V/G)iWT) 
[V] tt-0:J>y hrtT©^fLl^^RI*^EWT-fe-p 
T, ^?LS^RI©M*{*A^#ffi-r5IS« ((V/G> 
JJUi) Sr^U [P] tt£?Lffij^R0**fl*tf*fry 

((V/G)i~ (V/G)z) £rSVr o ®« [P] tf» 

ig-rsfWE [v] tcao s F^jgfiE-rsssiS tos 

F] ((V/G)2~(V/G)s) A^ft-TSo 
[0 0 1 0] C©/<-7x*h«« [P] BKICWM 
[Pi] fcflWt [Pv] K»a*ft*. [Pi] ttV/G 

tt««±E ( V/G ) i *» 6 ttfMfc* -POflMTfc 0 x 
[ P v ] tt V / G JtftWIA* e>±ie ( V / G ) 2 $ T-<93i 

UST-feSc W6, [Pi] U3 KRttU fro 

[Pv] ttW* [V] (CRttU *^0SF« 

fiOJt (V/G) *'j8?PJ U 3 >S^RSO^#0 
R£*IBltr*SB 1 Offlt ((V/G).) «±T*fco 

Jlja^B««3aE«K:#«E"^*«*rtfcWI8t-*!B 2 EI 
WJ± ((V/G)*) J-XTt-*iit^n^J;otc^46e>n 

So 

[ooii] c©§l±irjiS<D^a7P"r;i/», 

•y htffiESSttSo 02tc^-r<t'5{c, y5ab— >3 
y<Drctb<D3\±l<fmg.7a7T'{M£ 1 . 2mm/W) 
J:9ft*lr^l±mflC (a) fr5>0. 5mm/»Ofi^ 
3l±tf3£g (c) atfStf*v3l±tfiS* (d) K«l« 

nso ±ie[gv^i±ifjia{io. 4mm/»x« j enJW 

TT-fe«Ci:t.fe^T i £,<fc<. 5l±tf3SS (b) Rtf 
(d) T-©^t«^ftftfc<9#M£LV\, gfcofcii 

(pllCX^'l'X^n-So g^©V/GA^73(RlOX^-l' 
f- ©uSg, gffl^n SEfJE® * -y V- V- >ipSt>*>- U 3 



>-^?ffi<Dp D pK^*-&«)T c nicies nav^ < <?3?£t 
[0012] 3\±imm*'&4fcis.Tz*tTv/Gizm 

[v] , i£?ffl->y 3vm^RSA^Bew^^&-rs® 
[i] , ms^M^m<DWk^xs^fs^') 

zj ym&XW>V>MMi*tf&tEL*^><-7 * * hM«AV 

io [p] t UT^-n^ ns?n5„ m^rz^vic/^—y 

x*hSt« [P] ttMKlWg [Pi] [Pv] K# 

gsn«. n« [Pv] ti^-^x^hfflis [p] ©«p 
t* bum* k * e> * v ^nm^m^tEt sfsig-efe 

0, [Pi] tt><-:7x*hflWl [P] 0«PT-tM 

T-fe^o 0 3fc:jjvr<fc5tc, w>=r-y K^ts^rfiiffiBP 
tt, (sm p 3 tttt? n-> y n >aijiw?»**3EBWfc#*E 

zo fcttBPztt, *«WtHa-r*f*fc3HLaWR*lftO 
[0 0 13] 03*^W6)*^*J:3»c, ffiBPitoWS 

*E-r *®«*#ty. efi p 3 testis l r= •> x — > nWs tt, 
y 3 ^s^w^saEWic^^ * y y'yatf 
^<o^-7x^htS*S«r$tyo SfcffiBPztcM^L 

i^TfeoT, «l« [Pv] [Px] irA^Jg^E-r^W 

/<-7i^ (01 ©(V/G) 

2 ~(V/G)3) tt, ^i-AlWCOPtLDt^i 

.tc^LT, ^*©o s FmtEitmmmc'&-Dtc, mm 

l?H^T, 1 000t±30 t:<Dia*T* 2-5 B$ Pal^Sa 
IU §1^* 1 1 3 CC+3 0 c C<D?SST* 1 — 1 6B$Bg 
m&!M-?2>£* OSF*£Wo 0 4 A»C^-r«fc/5lC, 
40 >>x— ^WiTtt^x— /N<0^g<Dl/2#ifiti:OS F 

y >**#^£-r3o c©o s f y zstfT*m*nrc&nm 
gLxmtf^&ftic&tE? c o p # disi-r s^ifii 

A^5o 

[0OH]4fe> COP-^LD^^^^RlO^i* 
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igg|<*tf 1 x 1 0- 3 c m 3 <0&tt&«lC*f bT 1 m%M 
^«ttflSnfc»&**HiTI8fl[ (1X1 0 3 <B/cm 3 ) 

X-AW2 »*KW^S&fflS*c J: t) l(7)')x-aW2 fcEft 

^iftK#0. 8X10 18 — 1. 4X10 18 atoms/ 10 
cm 3 (I0ASTM) ■e&fcdfctf&gT&So 

[0016] ^tc±te-> yn^x^ nWz o^saatc 

;l/=f>\ ;J<iSi. ■MEXttCti60»d#^*B«TF. 6 
0 0-8 5 0 tt3 0-9 0«F^t§^\ Xtt 6 0 
0-8 5 OtTM 2 0 — 2 5 0#««f C £ Kcfc K> ft 
^n§o *PS»«6 0 0-8 5 0X\cMt$2 txTcmwgfp 
fc^x— /\*5 0— 1 0 or/#^«T'#ALTfif 5 
c kfffff U/\> «Jf ffigtf 6 0 0 < c*«xti«»^M 

a. a« [Pi] owRttuieaBft^ffiv^ft, f/w 
xHifixa"e!Kyaia*fTorcfc*ic i Gjs**«-r*te: 
^BMDWiien^v ««fiaa*^6oo— 8 
5 ox;Tatt£&tf9 og»«ax.fto 1 2 o#*8§©» 

tf2 5 o»tt±-ea:4atttf«T"r*o 30 

[0 0 17] C^ffliO^fttt, ^x-/NCDSffitC{t 
^Slfflttaffi (CVDS, ChemicalVapor Deposition 

JfSS6 5 0°C±3 OX:. ffi«M$fffl5~3 0 0#) fcl^ 

snsftft, cocvDan:j;5^x-Aiffi'\o*y 
s/'j3>ioM*»*» 1 fcasiWBaftffrfcttoT 

mZl±0. 1—2. 0|imT«c *U^ , J3V1*') 
x-AlffitcMtSCttc.fc!), #Vi/Vzi>miz& 40 

aaoaa**x»BHi"c*abfca3:'y^>^js^ x 

ti:KOHSU<(iN aOHt*lc*l!Lft7;l/*Uxy 
[0 0 18] 



*• 

<lft5&flj 1 > S/U n>#^p B 0 ?|±tfgB^ffl^TilS8 
>f>^o#a> (B) tfF-^ihfepiO^yaW 

1 2 0 0mm. Bftfftttf (10 0). ««W^tt 1 0 
Qcm, aaafitf l - 0 x l 0 18 a t o m s / c m 3 

(IHASTM) -Cfcofco -Y>=fyM±. 3l±&:m<Dv 
/G£:0. 2 4mmV^We»0. 18mmV»tJ 

SU<D l 5> 0 3 <D P2 JcWK-T SffifiOf Uav9x 

*x— /m** 4><&tficatt [Pv] mosaic 
[pi] *#u KicfomiciiHi [Pv] «*rr 

aLaapabrccio^x— ^NW2*a*»HStT. 6 

[0019] <aaM2>itttni tmv-o^v h# 

6«UlLaffiWaLfc^x— /NWaOjlWBBl«**6 5 

or. «J«llt9 0»i:LfttWtt, fcWJ« 

<**«3>*«ai kBB^y^ h^6«aLaffi 
<mmm4>mmm \ tmv«f>3v h^&«auaa 

Wabfc^x— /NW2<D3»iQaiaff«:7 5 0t, «}$B$ 

[0020] <nmm5>nffimi £mv*>Jv hi? 
e>^jatmswabfc^x-/NW20^fflasa^7 5 
or. fiaf«fB«9o»i:i/fta>Wi, nmmi tmm 

<mmm6>mmm\ tm^>^y h**&«HHUKa 
waufcr>x— ^w2 0j»jQaiaa*8 s or. «i*«f 
p^3 05)i: Lfctmi*. **0fl i taauiiwaaiL 

<^fifii«a 7 >aflM 1 kBW>dyh^691ffll»ffi 

weL/-Ox-AW20ifflisa[^8 5 ot. «fiFfl* 
1 2 o^t bfcjcwtt. ftssflj i tra«*cafflab 

fee 

[0 0 2 1] <ttKN 1 >aWI 1 1 B 
WiLft9x-/>W2©IMIHSWt6 5 0t, 

<tk«ey3>nsE0oi fcwi;^>=ry Kp6«iaLaa 
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mm l/c^x-^ n w 2 c^stsa* soot, 

?$tt 100^ Lfcttfw** rn&m 1 hiBj^tc^ab 

[0022] <tt&mm>nmm 1 -7Rtfi£«&0y 1 - 

/\W2<D^®£ F e. Cr. NU C u (D^Mft^^^t 
ir&c tlc&O, 4tfc£> T >x — /v^ffi^tVftiF e> 

^x-^w 2 *9 0 oxT*2f%mmmmvrc&, 100 

OtTO. 50^. MIC 8 0 0 'CTM . 5«fflll 



TT^X<D^*§SgLfc 0 HSS^Jl-7Rt;j±«^J 

i-4^o^X(DW^^*«nc^-ro s/cfusswi 
1 (DK^mwm^nttm 5 tc. itRflj 1 <D7t^ss^^ 
M^me^n^n^iro 05 aM6 a&f er^ 

L/c^SSflJ 1 STm&flJ 1 c7)^7x^n<7)4^0 1 
•^n^-To tTFH«fc:* 0 5 B&tf 0 6 B ii C r ?55fK 
0 5 C&tf06 CteN i r^Sft, 0 5 DRZime D&C u 

[002 3] 















mm [Pv] 


mm [Pi] 




650 


30 


m 




// 2 


650 


90 


// 
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